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Ab tract 
Kno\\ ledge of the frequenc ie and the phenotype of BO and rhesus ) tem is  
\cr) important [or b lo d bank and transfusion en ice pol ic ie . The objecti\ 'e of 
thi stud) \\ a to determin the frequency of BO. Rhesus phenot] pe and mo t 
probable genot) pe in Al  in area ( AE ) .  The tudi d group consi ted of 500 locals 
of both gender fr tl1 d i fferent age group ( 1 7 -58 years old). ABO and Rb-hr 
phenot) pe react i \  ity v\ ere determined using conventional tube method and gel 
technology . mole ular techniques \"ere al 0 appl ied. Our study shows the 
d i  tribution f BO phenot) pe v,:as as fol lO\\' : 0= 56%, A= 26.2%. B= 1 4 .2% and 
B= ., . 6°'0. The d i  tribution of Rb ant igens was as fol lows: 0= 90.4 %, C= 76.2%, 
E= _ 7._°'0, c= 7 1 . 6% and = 97 .8%. nd the d istribution of most probable genotypes 
\\ a a 1'o]]o\\ s :  Rl 1= 29. 8°/0, Rl R l =  28 .4%, R l  R2= 1 6 . 8%, rr= 8 .4%. R2 r= 8 .2%, 
Ro r=5%, R2 R2= 2 .2°'0. and r'r= 1 . 2%. Our tudy howed that the mo t frequent 
ant igen among t fi \'e major antigens of Rh y tern \Va RhO whi l e  the l east common 
\\ a E anti gen. We developed an inno at ive method that combines molecular 
analy i and serological testi ng of Rb genes to be appl ied in  blood bank environment 
a it i con idered a a first tudy done in the area. Thi s  approach could improve 
patient care and t ran fu ion outcomes by reduc ing al lo immunization.  The chal lenge 
l ies in integrat ing such test ing into b lood bank environment, standardizing methods, 
obtain ing Food and Drug Administration approval for label ing donor units. and 
enhanc ing i nformation y tems to incorporate and use th is  new infoffi1at ion 
effecti \'el y. 
Keywords: Frequency ,  ABO blood group, Rhesus s stem, phenotype, most probable  
genotype. UAE. A l  Ain .  
vi i i  
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2 
th ird al l Ie. . beha\ e e ent ial ly  a a "nul l "  al lele. producing nei ther A nor B 
ub tance (John . Dacie. et a! . ( 1 98-+)). The pre ence of and B gen s r u l t  in  
add it ion of ugars to the H antigen to produce the and B antigen: -acet)' I D-
galacto amine in  the ca e of gene and D-galacto e in the ca e of the B gene as 
-ho\\ n in  figure (2) ( R ichard H .  Walker. ( 1 990 ) .  & Ho oi .  E .  ( 2008 ) )  . 
C"\j C"\j C\J .-- M C"\j � C"\I i � � g. .-- i M i i .,... � g g g 
..., .,... C"\I C\J .,... <"> � ""! ""! C'I � � 
C"> 8 ...-; CV) M CV) � g. i i i CV) g g g 
Figu re 1 :  Molecular location of ABO gene i n  chromosome 9. The ABO gene i 
located on the long (q )  arm of chromosome 9 at po i t ion 3-+.2. as per 
http://ghr.n lm .n i  h .gov/gene/ ABO 
[RBC]---O- GLU - GAL 
I I "stem" carbohydrate (="H" antigen) 
Ac FUC 
[RBC]---O- GLU - GAL - GAL 
I I substance B 
Ac FUC 
[RBC]---O- GLU - GAL - GAL 
I I I substance A 
NAc FUC Ac 
Figu re 2 :  The structure of the blood group substances A and B which 
repre ent two modified fonn of a stem carbohydrate pre ent on red blood 
cel ls .  ( G L U :  g lucosamine, GAL :  galactose or galactosamine, FUe : fucose 
and Ac repre ents an N-acetyl group) .  
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In tran I'u ion medicine det lmination of the e antigen \ ery important 
bccau e of the regular occurrence of the ant ibodie ant i - , and ant i -B and ant i - B 
( table2 ) react iv at 3 7" . in person who e r d cel l s  lack the corre ponding ant igen . 
o that i f  tran I'u ion \",ere to be given \\ ithout regards to BO group . the 
tran i'u ion react ion would occur and that ma) b fatal ( K lein,  H .G  . .  t a\. ( 20 1 4a ) ) . 
G ro u p  ubgrou p  Antigen on red cell Antibodie 
( agglu t in ins )  in  seru m 
Anti-A 
0 one Ant i -A I 
nt i-B 
Ant i -A.B 
A A+A I Ant i -B 
2 A 
B B Anti -A 
Anti-AI 
A B  A l B + Al + B Ni l  
A2B A+B 
Table 2 :  Antigens and Antibod ie in the ABO ystem 
1.2 M olecu lar  basis of A, B and AB blood groups 
1.2. 1 Struct u re a n d  specific ity of A and B-gl cosyltransferases 
The A BO gene comprises even exons and encodes a polypeptide of 3 54 amino 
acids with a short amino terminal trans-membrane segment and a l arge globular 
cytopl asmic domain contain ing the catalyt ic site. The cytopl asmic domain i s  
posit ioned i n  the l umen of the Golgi ( aganya. . ( 20 1 3 ) ) .  As mentioned ear l ier that 
the -acetyle D-galactosamine alpha l inked to the non-reducing end of 
o l igosaccharide chains defi nes the A ant igen, and that D-galactose alpha l inked to the 
non-reduc ing end of o l igosaccharide chains defines B ant igens. ( Morgan ,W.T . ,  et a \ .  
(2000) ) .  The A-transferase catalysis the transfer of -acetyle D-galactosamine 
(Gal Ac) from UDP-GaINac to H antigen acceptor, while the B- t ransferase transfer 
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D-galacto e ( Gal ) from DP-Gal to the I I  antigen acceptor. The e t\\ O tran fera e 
di ffer by n l)  four amino acid residue 1 76. 235 .  266. and 268 in the A and B 
re pect i \'e l )  ( Patenaude. . 1 . .  et a l .  (_002 ) ,  & ojavan, M., et a 1 .  ( 20 1 2 ) )  a hown in 
table ( 3 ) . The transf'era e i rganized in t\\ O subdomains:  one subdomain comprise 
the amino terminal region and recognizes the UDP-sugar donor and the other 
arbox) temlinal ubdomain pro\ ide the acceptor binding ite. Both subdomains are 
separat d b) a c le f t  containing the act i \  e ite. Residues 266 and 268 are located in  
the  act ive i te of the enz) me and in fluence donor recognit ion. The B transferase 
residue Met266 and Ala268 are bigger than the corre ponding residues in the A 
tran 'ferase and r trict the ize of acti e site c left to exclude U DP-Oal Ac 
( Patenaude, . I ., et a1 . ( 2002 ) ) .  Re idues G ly235 er and Leu266Met influence 
receptor binding( Letts, lA., et al . ( 2006 ) ) . I n  the ab ence of donor or acceptor the 
enzyme adopt an open confi rmation which l eaves the donor and acceptor sites 
expo ed to solvent. The clo ed confi rmation is requi red for catal s is to occur. 
B inding of H ant igen acceptor re u l t  i n  a c losed confi mlation in  which the final nine 
carboxy termina l  residues form h drogen bonds with L-fucose residue of H ant igen 
and UDP (Al faro. 1 .A., et a 1 .  ( 2008 ) ) .  
A m i no 1 87-t 87 1 56 1 76 235 266 268 354 
acid 
AJ-J Arg Pro Pro Arg G ly  Leu G ly  Arg 
A1-2 Arg Pro Leu Arg G ly Leu G ly Arg 
B Arg Pro Pro G ly  Ser Met Ala Arg 
01 Deletion 
of G at 
nt 26 1 
02 Leu Ser G ly  Arg 
A2 Leu Deletion of C 
at nt 1 06 1  
B Gly G ly  Met A la  
CisAB Leu er Ala 
Table 3 :  Differences in  amino acids (aa) between various al le le of the ABO 
gene ( Daniels. G. ( 20 1 3 ) )  
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B phenot) pe re u l t  from ingle nuc leotide deletion or ubsti tution in the 
penul t imate codon changing the reading frame that the tran [era e produced has 
an ex tra 2 1  amino acid at the carboxy temlinus (table 3 ), thi affects the structure of 
the enz} m uffic ient l)  to change it pec i fic i ty and act ivity (Yazer, M .H  . .  et at . 
( 2008 » . an example. in the ca of c i  AB ( a  group A B  father and a group 0 
mother ha\ e an B ch i ld ) .  it would app ar that subst itut ing one or the other of the 
crit ical re idues in the A or B tran [erase al lovvs access to both U DP-Gal and DP­
Gal c, but reduce enzyme act i \  it) , a the phenotype has \veaker A and B antigen 
xpre sion than normal ( Patenaude. . 1 .. et al . ( 2002 ) ) .  
1 .2 .2 Com petit ion betw een A and B tra n  ferases 
ubjects who have both A and B al le le show dimini shed e. pression of both A 
and B antigen because A- and B- transferases act upon the same precursor substance 
( Daniel . G. (20 1 3 » . Thus. 1 B red cel l  have less A than A I cel l s  and A2 B ce l ls  
less A than 2 cel l . imi larly, B is sl ightly less strongly expres ed in A l  B than B 
cel l  . I n  ome ca es. red cel ls of genotype AlB may beha e as A2B due to an 
i nterference with expression of Al by a trong B al le le .  (Daniels .  G .  ( 20 1 3 » . 
1.3 M olecu lar  basis of b lood group  0 
The ab ence of an act ive ABO glycosyl transferase results i n  the blood group 0 
phenotype. Subject with 0 phenotype inheri ted an A 1 t ransferase gene in which 
nucleotide 26 1 (de lG)  in  exon 6 is  deleted (Hosoi ,  E. (2008 ) ,  & Daniels .  G .  (200 1 ) . 
This nuc leotide deletion changes the reading frame re u l t ing in translat ion of an 
i nactive protein  with an al tered amino ac id sequence after ami no ac id 88 and 
terminat ing at ami no acid  1 1 7 so that large catalyt ic domain is absent (Hosoi ,  E .  
(2008 ) ,  & Danie ls .  G .  (200 1 » . There are several rare 0 al le les re u l t ing from 
d ifferent m utations which create a translated protein  lack ing glycosyltran ferase 
act i \  i t} (Yazer. �1 . H . , et a 1 .  (2008 » . Th 
6 
rare 0 al lele create no c l in ical problems 
\\ hen com ntional erological method of BO ty ping is  employ ed. but prO\'ide 
considerable chal lenge for D -ba d method of ABO ty ping be au e the 
mutat ion occur in an or 2 tran fera e gene and 0 individuals could mi takenl), 
be t) P d a i f  the DNA ba ed method employed i not configured to detect these 
\ ariant 0 al le le  ( KI in. H . .  , et a! . ( 20 1 ..J.b),  & tOIT,. R . . et a! . ( 2008 » 
lA Rh Y tern 
The Rhe u (Rh) blood group syst m which was discovered in late 1 940's by 
Le\ ine and tet on ( Agre. P . ,  et al . (199 1 » ) considered as the most polymorphic of 
human red blood group ),stem, consisting of at lea t 5 1  independent ant igens (Abou­
Jabal ,  A . .  et a! . (2003 ) mak ing it the most complex RBC sy tern .  This system 
con idered as the econd and next to the ABO, is the most c l i nical ly s ign ificant 
J tern in tran fu ion medic ine. The c l in ical importance of the system is a 
con equence of the fact that the Rh-negative individuals are re latively eas i ly  
t imulated to form immune ant i -D antibodies through ei ther pregnancy forming the 
hemolyt ic d isea e of ne\.vborn (HD ) ,  which is most commonly the result of the 
destruction of infant's D-posit ive red cel l s  by IgG ant i -D ant ibodies (John V .  Dac ie et 
a l .  ( 1 984» . or through transfusion of red ce l ls  to Rh-negat ive individual . This 
ensured i ts continued use in  c l in ical i nvestigat ion. 
1 A. 1  M olecu lar  biology of the  R h  ystern 
It was found that the biomedical studies of the Rh proteins cou ld not be 
possible due to the hydrophobic  nature of this protein,  despite their c l i nical 
importance .  For that, the molecular basis of most Rh ant igens has been determined, 
and the structure of RH genes confirmed its polymorphic nature (Westhoff. C .M .  
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(200 .. n ) . pe iJica l l ) , the com entional Rh antigens are encoded b) two gene . RHD 
and RH . but numer u gene c m'er i n events between them create hybrid gene . 
Th re u l l ing no\ el  h) brid protein contain ing region of Rlill joined to Rb E. or 
the om er e. generate the m) riad of di fferent Rh ant igens ( ham1a. D .C . ,  et al . 
( 20 1 3  L & vent, .D .. et al . ( 2000 » . 
lA.2 Term i nology 
Current Rl1 terminology attempt to di t ingui h the genes and proteins from the 
antigen . \\'h ich are referred to by the letter designations, D. C c, E, and e. capital 
l etter and ital ics are u ed "" hen referring to the RH genes, which incl ude RHD, 
RHCE.  and R H  G (W sthof1 C .M. (200 7 » . The di fferent al le les o f  the RHCE gene 
are designated RHce, RH e, and RHcE. according to which antigens they encode. 
The protei n  are indicated as RbD and RhCE according to spec ific ant igens the 
CaITY. Rb haplotypes are designated Dce, DCe, DcE, or ceo Ce, cE  when referr ing to 
a spec ific  C E  haplotype (Has an, F .M . .  et a l .  (20 1 3 » . 
IA.3 RH genes a n d  Rh p rote ins  
The expre ion of the Rb factors i s  control led by two genes. the RHD and 
RHCE which l i e  i n  c lo e pro ' imity on chromosome 1 and encode 4 1 6  amino acids 
Rb protei n  : one gene codes for D ant igens and other gene for CcEe ant igen i n  
various combinat ions (Wanger, F . F . ,  e t  al . (2000 » as shown in  figure 3 .  The Rh 
genes are a source of signi ficant diversity favored by the opposite orientat ion of 
RHD and RHCE genes. Each gene has ten exons that are 97% ident ical and encode 
protein  that d i ffer by 3 2  to  3 5  amino acids. The RH genes are separated b _  a stretch 
of around 30 Kb which i nc ludes another gene (SM Pl)  ( Wanger, F .F . ,  et al . (2000 » . 
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The D g ne flank d b) two 9-Kb reglOn of homology d noted rhe U boxe . 
( figure "I ) 
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Fig u re 3 :  Schematic diagram of RHC E  and RHD genes and their proteins. The 
posit ions and orientations of the genes and the Rhesus boxes are indicated by open 
alTOWS and triangles, re pectivel  . The exons are shown as vel1ical bars, and their 
exon number are indicated . The 2RH genes have opposite orientation. face each 
other wi th their 3 8  end , and are separated by about 30 000 bp. A third gene, SMP l ,  
has the same orientation as RHD and is posi tioned between RHD and RHCE.  The 
RHD gene is flanked on both sides by the 2 highly homologous Rhesus boxes. which 
are noted by (b) .  A l l  exons are shorter than 200 bp, with the exception of the RHD 
and SMP 1 38  terminal exons . 
1 .4A Rh system nomenclature 
The Rh system would become notorious for i ts complexity with numerous 
antigens and mUl t ip le  nomenc latures defining it. Two methods of Rh notations ha e 
been described. The CDE notation of F isher and Race described encoding of Rh 
anti gens by three c losely  linked loci (Guzman, R.M .  . .  et a1. (20 1 0 ) ) .  Recognizable 
haplotypes regarding this notation are CDe, cDE.  cDe. C DE,  cde, Cde, cdE and CdE . 
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The a l temat i \ e RJl-hr notation of Wiener \-\ a ba ed on the h) pothe i s  of mUlt iple 
al le le at a ingle 10  u . ( K l in.  H .G . .  et a l .  ( 20 1 4c ) ) .  ee  table 4 .  
Fi her Short notation 
CDe R ' 
cde r 
cDE R1 
cDe RO 
C" De R h\ 
cd E 1''' 
Cde 1" 
C D E  R' 
CdE r) 
Table -' : Fisher nomencl ature of Rh genes and the corresponding short 
notat ions ( Rudmann. S .V .  (2005 ) ) .  
l A.5 Variat ions of RhD 
orne \'ariant Rh phenotypes are caused by  exchange of genet ic materials 
between the 1\vo genes or from missense mutations. The Rh variants can weaken 
expresslOn of the common antigens. produce part ia l  antigens. generate low-
prevalence antigens, and re ult in absence of h igh-prevalence ant igen ( Kappler­
Gratia . . .  et a l .  (20 1 3  ) ) .  These variants al le les encode Rh protei ns with amino acid 
changes t hat cannot be dist inguished erological ly ,  but can be recognized by the 
immune system as foreign .  Some patients are at ri sk for production of antibodies to 
both the RhCE and RhD protei ns. a serious and potential l y  l i fe-threatening 
compl ication .  The cha l lenge is  to i nsti tute molecu lar screen ing of m inority donors to 
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develop a regi tr) of unit that are gen t) ped for the e \ ariant . Thi is critical to 
meet the transfu i n needs of the e all immunized and often crit ical l y  i l l  patients. 
e pec ia J l )  as rare D-negat i \ e units are in \ er) l imited uppJ) and are not always 
compatible .  
1 04.5. 1 D-Po it ive var iant  
fo t ind i \  idual \\ ho are D-posi t i \'e have identical RHD equence , but 
approximatel )  2°'0 ha\ e al tered al le les that encode proteins \ ith amino ac id changes 
or hm e h) brid al le le encoding proteins with part of RhD fused to RJ1CE, or v ice 
\ er a ( Kappler-Grat ia . " et a! . ( 20 1 3 ) ) .  These al tered or hybrid prote in wi l l  re u l t  
i n  forming \\ eak D ( reduced expres ion of D ant igen)  and/or part ia l  D (a l tered D 
surface epiropes ) ( F lege l .  W.A . ,  et a! . ( 2002) ) . 
104.5.2 D-Negative varian ts 
Antigen of the Rh blood group system are encoded by two homologous gene. 
RHD and RHCE.  that produce t\\'o cel l  membrane protei ns. D-negati ve red ceUs lack 
the 0 protein .  and al loant i -D consists of ant ibod ies to a variety of epi topes on the D 
polypeptide. There are three common genet ic mechan isms responsible for D negati ve 
phenotype: deletion of RHD that resu l t  [rom chromo omal  misal ignment at  meio is  
and subsequent unequal crossing over between the rhesus boxes ( ( F lege l ,  W.A. ,  e t  a J .  
( 2002 ) & Wanger, F . F . ,  e t  a! . ( 2000 ) )  ( F igure3 ) ,  a pseudogene RHD containing a 3 7  
bp i nsert and 1 or 2 stop codon, and a hybrid RHD-CE-Ds that probably produces an 
abnormal C antigen but does not produce a D antigens ( Westhoff. C .M .  ( 2007 ) ,  & 
Tou inssi . M . .  et a ! .  ( 2009) ). These three types are shown i n  figure (4 )  Knowledge of 
Rh phenotypes and variants i n  given population i re levant for better p lanning and 
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management o f  a blood bank: to find compatible bl od for pat ient needing mult ip le 
blood tran fu ion . \\ hich would re 0 1\  the blood tran fu ion need of recipient . 
RII( I:. 
� 7  p . n en l Op c d n 
• • 
D - p  H i  e 
- n e  t l  
- n e  7 at i e 
(C ) c' 
FigU l'e (.t) : R  pre e ntat ion of the genom ic organ ization f the D-pos i t ive haplot}pe and 3 D­
negat i \  haplot) pes. W h ite bOAe i n d icate R H C E  eA n and b lack i n d icate RHD exon.  
( i n g leton ,  B . K  . . et  a l .  ( 2000» . 
1 .5 I n h eritance of  red cel l  a nt igens  
T\\ o im i lar sets of chromosome (one set inheri ted from each parent) are 
pre ent i n  a l l ce l ls of the body except the germ cel l . Each set is compo ed of 22 
autosomes and one ex chromo ome ( the total number of chromosomes is  46) .  The 
ex chromosome in  the female are equal in s ize and are termed x chromosomes 
\" h i l e  in male there i one x ciu'omosome and one much mai ler cru'omo ome. termed 
Y ( Daniel  D. Chiras. ( 2008 ) . 
The segment of chromosomal D A which determines a part icular polypeptide 
is  defin ing the gene. v.. h i le the alternati \'e forms of genes at a part icular locus are 
termed a l le les, for example A. B .  and 0 ( Tal ukder. ., & Das R. ( 2 0 1 0» . An 
i ndividual may be homozygous ( e.g .  AA) or  heterozygous (e .g. AO) for a l l  genes 
carried on autosomes. Whereas the term genotype i used for the sum of i nherited 
al le les of a part icular gene. for example AA. and AO phenotype refers only to the 
recognizable product of the a l le les (Hosoi .  E. ( 2008 ) &Danie ls .G .  (200 1 » . As 0 has 
no serologica l ly  recognizable product, the genotypes AO and AA both have the 
phenot) pe . alth ugh 0 ha no recogn izable product. the D 
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tructure of thi 
si lent al lele d iners only l ight ly from that of and B al le le ( Daniel . G .  ( 200 1 ) & 
10uhaus, H .  " e t  a! . ( 20 1 0 ) ) .  Howe\ er, in  the Rh )- tem, the gene D h a  no aJ le le .  
At the c rr ponding po i t ion on the homologue chromosome. there is  ei ther 
another D gene or a D gene al tered in such a way that D polypeptide CaJUlOt be made 
( V,'e tho ff. C . M .  ( 2007 )  & Touin s i .  M . ,  et a! . ( 2009 » . 
Gene that are far apart on the same c1u'omosome, for example Rh. or genes that 
are carried on d i fferent chromosome ar i nheri ted independentl) and the antigens 
the, determine are said to belong to di fferent blood group sy tern ( Westhoff, C .M .  
(2007) . I n  Oille case , more than one protein i produced from a ingle gene and 
thL! one al le le determi nes more than one pol peptide (Talukder, S . ,  & Das, R .  
( 20 1 0» . Red cel l  antigens are either protein or carbohydrate ; the proteins ( Rh )  are 
the direct product of gene . but those that are carbohydrate ( ) are determi ned 
indirect l y  b. enzymes (g lycosy l transferase ) that are the gene products. These 
enz) me tran fer the appropriate sugar, determ in ing spec i fici ty on to a structure 
whose synthesis may be detem1 ined by one or more unrelated gene . I n  most cases 
there appears to be a s imple correspondence between genes and ant igens, so that if a 
per on i nherits a given gene the ant igen can be detected on the red ce l ls  ( agariya. S .  
( 20 1 3 » ) .  
1 .6 Gene (a l le le )  frequency 
Gene frequency is  s imply the frequency of the al le le i n  the population as a 
whole: the term al le le frequency would be more prec ise but i t  i s  not genera l l  used 
(Guzman. R .M .S  .. et al . ( 20 1 0 » ) .  From a knowledge of the frequencies of the genes 
(a l le le ) in  a b lood group system,  phenotype frequencies are read i l y  derived. I n  
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d iff rent race the pr port ion of indi\ idual b longing to a part icular blood group 
\ aric wide l) . Both B and Rhesus blood group \ arie in incidence in di fferent 
population. Th r are man) tudie done a l l  over the world to determine the 
frequency of BO and rhe us phenot) pes in d ifferent population . 
1 . 7 Freq uencie of ABO and Rhesu i n  d ifferen t  populat ion : 
With re pect to tudie in AE, and to our knovv ledge, Taha, J .Y .  (20 L ), has 
e\'al uated the frequency of Rh phenot; pe and the mo t probable genotype in Kalba 
regIOn, AE. he tested 66 1 ample randomly wi thout considering the national i t ies 
u ing tube method . \-\ h i le  Abou-Jaba l .  e t  al ( 2003 ), studied a group of 1 000 
Jordanian donor using the same methods. Both of them conc luded that, tUdying 
blood group phenotypes d istribution i very important for blood bank and transfusion 
service pol ic i  s. I so studying the Rh-hr phenotypes and genotype i of a lue in 
o lv ing problem regarding incompat ibi l i t ies, i n  estigation of auto immune hemolyt ic  
anemia, and in  studie on the origins and movements of population . 
However, Bashawri ,  L . .  et al .  (200 1 ) , and Ghasemi ,  . .  e t  a l  ( 2007),  tudied the 
frequency of A BO and Rh blood groups in  the eastern region of audi Arabia and i n  
middle school student o f  Yazd Province ( I ran ) respectively. Bashawri studied 5 739  
male potential b lood donor during two different periods ( 1 985 - 1 989 and 1 995-
1 999) ,  whi le Ghasemi examined 2000 tudent using s l ide method considering the 
p lace and date of b irth. They concluded that. the knowledge of the frequencies of the 
d ifferent b lood group is very important for blood banks and transfusion serv ices. And 
also it is important for c l i nical studies ( d isease associations) as wel l  as for population 
genetics studies. In addi tion to that, Ghasemi found that, there i s  no re lationship 
between ABO blood group and sex. place of birth and insemination season. The 
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al 0 confirmed that BO and Rh ant igenic structure di ffers between regions and 
nat ion . 
Determ ination of the d i  tribution of ABO and RJl blood group in  d ifferent 
region and nat ions help in compari ng the di tribution trend of the e blood groups 
and thi \\ hat Ja LI. L .  (_0  1 0) d id \\ hen they determ ined the di stribution of ABO 
and Rh 'us bl od group in Kurd b) studying group of total populat ion of 53234 
\\ ho e BO and RJ1e u blood groups were determined by standard method during 
a period of about 5 year ( 2005- 2009) .  I Ie concluded that the blood group 0 i s  the 
commonest blood group, fol lowed by A. B, and AB.  By comparing what he found 
\\ itb other populat ion he found that the distribution of ABO and Rh blood groups in  
Kurd ha s imi lar trends to the neighboring countries. and appear to be intermediate 
betv·;een eastem ( ian) and western E uropean ( Cauca ian ) data. 
In addit ion of the above mentioned benefits. blood transfusion centers strive to 
pro\ ide b lood products that are m icrobiological ly safe and compat ib le with recipient 
blood characteri tics. To ach ieve this. pre-transfusion screening at two levels is 
requ ired . The fi rst level i nvolves blood ce l l  ant igens. A total of 339  blood group 
pec i fic it ies i nc l uding 297 in 33 systems have been recorded by the I nternational 
Society B lood Transfusion ( IS BT) ( Reid, M., et al . ( 20 1 2 ) ) .  Because the ABO and 
Rh ant igen can be immunological ly  significant due to presence of natural ABO 
antibodies and strong i mmunogenicit  of RHD ant igens, systematic  ABO-RhD 
typing is  necessary. The second level of screening involves identification of Rh-Kel l  
antigenic profi les and, to  a lesser extent, K idd, Duff , and s phenotype ( S i ransy 
Bogui, L., et al . ( 20 1 4 ) ) .  This pre- screening is necessary depending on the patient, 
pathology. and risk of a l lo immunisat ion. 
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In addi tion to en uring tran fu ion afet\ . av, arene of antigen frequenc) in a 
g i \  en p pulation i imponant in defining product requir ment and min imum tock 
le\ e ls .  Given the high ,'ariabi l i ty of red cel l ant igen . blo d transfusion centers mu t 
determine ant igen fr quenc ie in the populat ion that the) en e. Consequent l) . the 
aim of thi tud)' wa to determine the frequency of BO. Rhe us phenotype and 
most probable genOI) pe and the type of the RHD negat ive variants among AE 
nationa ls  in  in area, \\ hich can be appl ied in pract ice for a rapid and effic ient 
ident i fi cation r blood donor and the immediate e lection of needed compat ib le 
blood unit . t the same t ime, th is tudy wi l l  help in  mapping a national tatus for 
future references through preparing database for the blood bank and hospitals b lood 
tran fu ion center . AI 0 thi  study can d c ipher d iver ity or uniqueness of the UAE 
more pec ifical ly  I Ain populations structure. 
1 .8 Background  of U n ited Arab E m i rates ( UA E )  
The n ited Arab Emirate ( AE )  i part of the Gu lf  cooperation Counc i l  
(GCC)  which con i ts of s ix  gul f countries inc luding the k ingdom of Bahr in .  Kuwait .  
Qatar. k ingdom of audi Arabia. and Oman. I n  addition the UAE is  located in the 
eastern part of the Arabian Peninsula extend along pa11 of the Gul f of Oman and the 
southern coa t of the Arabian Gulf. The UAE is a const i tut ional federat ion of seven 
emirate : Abu Dhabi, Dubai. Sharjah. Ajman. Umm al -Qaiwain. Ra a l -Khaimah and 
Fujairah. The federation was formal ly  establ ished on the second of December 1 97 1 .  
UAE occupies an area of 7 J 023 .6 q . Km.  along the south-eastern t ip  of the Arabian 
Peninsula.  As hO\\r}1 in figure ( 5 ) . Qatar l ies to the west, Saudi Arabia to the outh 
and west. and Oman to the n0l1h and east. The AE lies between latitude 22 .35° , 
2 .25° north, and longitude 5 l .3 1 ° . 57 . 1 ° east. ( UAE stat ist ical center, 20 1 0) .  
Furthermore. the capital and the largest c i ty of the federat ion in the UAE is  Abu 
Dhabi, \\ hich account for 7 perc nt of the 
·C\ cral i t ie  and Al in one of th m .  
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Fig u re 5: Pol i t ica l  and Adm i n istrat i v e Map of U n ited A rab E m i rates 
http://w\vw. nat ion onl i ne .org/oneworld/map/united arab emirates map.htm 
1.9 Back G round  of AI  Ain Area 
AI Ain i the econd larg st c i ty in the Emirate of Abu Dhabi and the fourth 
l arge t city in the n i ted Arab Emirates. With a population of 568,22 1 (20 1 0 ). i t  i s  
located approximately  1 60 k i lometres east of the capital Abu Dhabi and about 1 20 
k i lometres south of Dubai. Al Ain has a h igher propo11ion of Emirati nat ionals than 
el ewhere i n  the country, but the majority of i ts residents are expatriates part icular ly 
from the I ndian sub-continent. Many people are from Bangladesh. Pakistan and some 
from Afghanistan. There are fewer other expatriates than in the larger centers of Abu 
Dhabi and Dubai . ( AI A in  munic ipal ity site) .  
I 
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1 . 1 0  Freq uenc) of the  donor in  the popu lat ion 
The group from the p pulation \\ ho are qual i fied to be blood donor con ist of 
health) adu l t  aged 1 7-6: y ear . The highe t frequenc) of donat i n in the world 
corre pond to about 1 0°'0 of the popu lation el igible to give blood donat ing once per 
y car. ( l I a ig .  . ( 1 99 1 )  & L inden, J .Y . ,  et a l .  ( 1 988 ) ) .  The number of units col lect d 
per AI  in population during the 3 years ( May 20 1 2- J uly  20 1 5 ) i shO\vn in  table  5 .  
Lo 'c from outdated red cel l  accounted for the same period was 5 70 (l % from total 
col lect ion)  ( A  RBB)  o f  the supply but given the fact that red cel l s  can b e  transferred 
n l)  to compat ible rec ipient . the number of usable unit outdated appears to be 
extremel) low ( AARBB tat i st ic 20 1 5 ) .  
M ay-Dec Jan-Dec J an-Dec Jan-J u ly 
20 1 2  20 1 3  20 1 4  20 15 
Other Nationa l ity 67 1 3  1 1 562 1 2267 6784 
U AE Nat iona l ity 2989 4507 5054 2503 
Tota l 9702 1 6069 l 732 1 9287 
Ta ble 5 :  number of whole  blood units col l ected in  A l  Ain Regional blood Bank 
during three years ( May 20 1 2  - Ju ly 20 1 5 ) .  
1 . 1 1 B lood u t i l izat ion and  shortages 
Despite the constant r ise in col lection ( table 5 ) , blood col lectors report frequent 
hortages and emergency appeals  for blood are disturbingly common. Some 1 5 ,000 
units of red cel l s  are col lected annual ly in AARB B  and the numbers continue to rise. 
( AARBB 20 1 5  stat ist ics) .  With the current she lf  l i fe. the blood supply more do e ly 
resembles a p ipe l ine than a bank or reservoir. A few days of under col lection can 
have a devastating effect on supply .  There are l it t le general agreements about what 
const i tutes a shortage. Measures of postponed surgery and transfusion, as wel l  as 
increased rates of RhD-Posi t ive transfusions to RhD-Negative rec ipients provide 
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orne indicati n of hortage at the treatrn nt le\ e l  ( Westhoff C . \L et al . CW08 ». 
B lood uti l i zation rna) require to reach stead) - tate or h igher to Co\ er the shortage in 
blood cel l through contro l l ing the pattern of donation and u age. Ordi nari i) , more 
blood i donated b) ) ounger age group . \\ herea more is used b, the elderly 
( cobain. T. ,  et al . ( 2007) \ ariat ion in RBC u e per capita among countries can be 
explai ned largely b) the age d istribution d i fferences of the populations rather than by 
the di fferent national treatment standards. (A l i .  A. ,  et al . ( 2009) . ubstantial 
re ource are r qu ired to be inve ted in donor recruitment and retention or methods 
need to be adopted to serve the changing population demograph ic and reject the 
blood shortage to become a waf of l i £l  . The e methods may inc lude determination 
of the frequency of the most s ignificant red cel l  ant igens ( ABO & Rh) to ensure safe 
tran fu ion to rec ipient . Awarenes of ant igens frequency in  a given population is  
important i n  defin ing product requirement and min imum stock requirement to 
overcome blood shortages. 0 in th is  study, we detelm ined the frequency of ABO. 
Rhesus phenotype and mo t probable genotype and the t, pes of Rh O negative 
variant among UAE nationals in  Al Ain area. 
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1 . 1 2  Objective 
i nce there i no data U\ ai lable on the BO and Rh frequencie in  A l  In  area. 
thi tud� \\ i l l  be of \ alue in 01\ ing problem regarding blood transfu ion 
incompat ib i l i t i  ' . I 0 the determination of Rh( D )  ant igen w i l l  help in a' oiding 
the ri k of form ing hemolyt ic di sease of newborn or for neonatal A Ho-immune 
thromboc) topenia through d termining the paternal a l le le inheri ted by the fetus. 
!Ioreo\ r. B lood bank usual ly has a problem of ever-changing stock posi t ion and i t  
i \ ery d i fficul t  to predict the incidence of a part icular blood group at a pa11icular 
t ime.  The main objecti\ e of our present study is to asses the distribution of blood 
group in A l  in  area. that ,\- i l l  help in detennin ing the stock of blood and blood 
component needed. so that there wi l l  be no shortages or expiry i ssues of these 
products. Addit ional ly .  thi  study wi l l  help in  sav ing the t ime and the money needed 
in col lecting. processing. and test ing of the e products. Resul ts from th is  tudy can 
help in mappi ng a nat ional status for future references. Moreover. it wi l l  help in  
preparing database for the  blood bank and also create awareness as  who is  exposed to 
\\ h ich of the d iseases. Besides this. the knowledge of the blood group and genot pes 
i n  regards to the health of an individual  is important and useful for medical 
d iagnosis. genet ic informat ion. genet ic counsel ing, forensic medic ine needs and also 
for the general wel lbeing of ind ividuals. 
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C h a pter  2 :  M ethod  
2 . 1  Stud  approval 
Thi tud) \\ a appro\ ed b) the In Medi al District H uman Re earch 
Ethical commi ttee \\ hich is an accred ited organization of Federal Wide 
( FWA) and compl iant \\ i th I H/GCP standard . 
2.2 Blood sam ple col lect ion 
urance 
Random blood samples \\ ere e lected from local ( UAE national ) male and 
femal (-+-1-0 male. and 60 female ) donors from di fferent age group ( 1 7  - 58 years 
o ld )  \\ ho donated blood at AI in  R gional Blood Bank ( AARBB) .  The selection of 
the e ample depend in the report generated from eProgessa the laboratory 
infomlat ion s) tem used in AARBB.  This report showed the gender, age, the place 
of b i rth and other information. I I  i ndi  idual in e t igated were from Al Ain area and 
the con nt form of a l l  donor \Vas obtained b fore donat ion. 
2.3 Serology typ ing  
2 .3. 1 ABO p henotyping 
Forward and reverse ABO groupll1g was performed by convent ional tube 
method and b gel technology . For forward ABO grouping, commerc ia l ly a a i lable 
monoclonal b lood group anti sera i .e Anti-A, Ant i -B,  and Ant i -AB were used whi le 
for reverse grouping, the A I and B cel l s  prepared in  5% suspension were used. A l l  
the e reagents were purchased from B io  Rad. Gel technology also was used by 
performing the te t in the ABO forward and re erse grouping using Bio Rad gel card 
technology. 
2 1  
2 .3.2 R h O  t) p ing  
RhD t) ping wa done b)  tube method a \v e l l  a b _ gel method uSl l1g 
monoc lonal / pol) c lonal nt i -D ( Rho & Rhl ) and by u mg Bio Rad gel card 
r pecti \el ) . 
2.3.3 Rh  phenotyp ing  
For detection of tatu of re t of the  major ant igen of Rh system apart from 
ntigen D i .e Antigen C. c.  E & e spec ific monoc lonal antisera ( B io Rad ) were used 
and te t \\ as perf0l111ed by tube method as wel l  as by gel method . False posit ive and 
false negat ive re u l t  were strict ly avoided by tak ing qual i ty control measures at each 
tep. 
2 .3.3. 1 Determ i nat ion of mo t probable Rh genoty pes 
B) using the five avai lable anti sera ei ther by tube method or by gel cards for the 
five major antigens of Rh group, phenotype of the donor i s  reflected in the results .  
Determi nat ion of exact genotype i s  not possible without test ing parents and other 
fami l )  members or by RNA testing. For th is  reason most probable genotype is 
detem1i ned from gene frequency est imate depending in the phenotype results .  
Follow i n g  teps a re taken to determ i ne the possible gen oty pes from t h e  i n d i v id u al's  
phen oty pe: 
1 .  I f  D is  posit i ve, the number of possible genot pes i s  one less than the number of 
posi t ive reactions. 
2 2  
2 .  I f  D i negat i � e. the number of po sible genot; pe  is  two Ie  than the number of 
po i t i,e react ion . 
, One haplot: pe i inheri ted from each parent ( for example. DCe/dee 
genot) pe ha\ ing both the DCe and the de haplot) pe ) . 
one 
..t. Mo t proba ble genoty pe from the possible genotypes wa calcu lated as 
ho\\ n in the fol low ing exam ple:  
I f  donor' phenot: pe is D+. C+. E-.  C+. e . then we have -l posi t ive reaction and the 
D i '  posi t i \  e. \\ e hould hm e 3 pos ib le genotype . When D i po i t ive, we don't 
knO\\ if the don r inheri ted D from 1 parent or both parents. So we immediately ha e 
2 pos ibi l i t ie  : 
a. One genotype where D was inh eri ted from both parents: D ??/D?? 
b.  One genot, pe where D wa inheri ted from only  1 parent :  D??/d?? 
ext look at a l le le C and c. i f  only one is present. it mu t be in both haplot pes. I f  
both are pre ent ass ign one a l le le to one haplotype, and the other a l le le to the 
remain ing haplotype. I n  th is  exan1ple, we ha e both C and c pre ent. so C wi l l  assign 
to one haplotype and c to the other. C DC?/Dc? Or DC?/dc?) .  Repeat this process to E 
and e .  and because only  e i pre ent. i t  must be in  both haplot pes ( DCe/Dce =R 1Ro , 
or DCe/dce = R J  r ) .  F i sher & Race Rh nomenc latures wa used in  this stud) . ( see 
table 4 ) .  
2 3  
2A M olecu lar  a naly i for the determ ination of R h O  negative variant  
2A. 1 D A Extraction 
I I  the 0 extracted proce "" ere perfonned ac ord ing to manufacturer' 
pr co l .  The fi r t tep of analyzing th genomic 0 i to isolate 0 A from t issue 
or ce l l  u ing a combination of ph; ical and chemical method . Many di fferent 
platform and technologie are avai lable. In the C UlT nt study the genomic 0 A of 
45 RhO negat i " e ample were extracted from 200 /J. I  a l iq  uots of EDT A whole blood 
e ither on th ax\\'e l l  R 1 6  in trument to perform automated isolation of genomic 
o A from ,\ hole blood using Maxwe l l  R 1 6  D A purification kit Cat# AS 1 0 1 0 
according t manufacturer' i nstructions. Thi i nstrument puri fies samples using 
paramagnetic par1 ic le ( PMP ) ,  which provide a mobi le  sol id  phase that opt imizes 
captur , wa h ing and e lut ion of the genomic DNA. The magnet ic part ic le  hand lers 
t ranspol1 the PMP through purification reagents in the prefi l l ed cartridge and mix  
during proce i ng. Th is  instrument can process up to 1 6  samples in 30-40 minutes. 
The other method used to extract the genomic DNA from whole blood was the 
manual procedure using Q IAamp 0 A Min i  and B lood Mini Ki t .  The basic principle 
of th i  k i t  can be described i n  four stages: the first stage i s  to lyse the red b lood cel l s  
\\' i th buffer AL,  physical agitation in  the presence of proteinase K .  buffer A L  
contains sodi um dodecyl sul fate ( D ) detergent that disrupt ce l l  membrane and 
dis ociates prote in  0 A complex. Proteinase K sol ut ion, meanwhi le, degrades 
proteins i nc l ud ing D A scaffold ing protein and other protein debri s. The second 
stage is to i so late D A from the cel l by add ing Ethanol ( 96- 1 00%). Ethanol i s  used 
to precip itate D A out of fluid suspension. Therefore, it i ncreases D A affin i ty to 
b ind to the Q IAamp M ini spin column for further e lution of DNA through the spin 
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col umn. The th ird tage. i D ,  puri fi ation. The puri fication tep u e \\ a h buffer 
W I  and W2) .  Each of th buffer ha a d ifferent ethanol concentrat ion. W 1  
b ing the m r cone ntrated buffer fol lo\<\ ed by A W2.  This ensure the D remain 
bound to th pin column. Th buffers act to di  oh e and remove cel l u lar debris and 
contami nant that are not bound to the pin column matrix .  The re ult of this stage is  
to lea\ e c lean and puri fi d D bound to the olumn.  The final tage of the DN 
extraction i e lut ion.  In thi tep bufTer AE is  used . The buffer AE w i l l  increa e the 
) ield b) up to 1 50 0 and suitable for long telm storage of D A. since DN tored i n  
\\ ater is ubject to  ac id hydrolysi A 200 f..l l  sample of whole blood using both 
protocol typical ! }  ) ie Ids 6 f..lg of D ( 3 0ng/f..l l )  with an A 260 / A 280 rat io of 1 .  7 - 1 . 9 .  
2 04.2 Quant itat ive m easurement  of extracted genomic  DNA 
D A quant ificat ion is  crit ical for molecular analysis. There are se eral methods 
u ed to e tabl i  h the concentration of D in  sol ut ion. The mo t common method of 
D A quant ification is  spectrophotometric quanti ficat ion.  I n  this study D A wa 
quanti fied by using ano Drop 2000 UV - Vis spectrophotometer. This i nstrument 
measures the concentrat ion and pmity of the extracted D A using only 1 f..l l and the 
resul ts obtained in Ie s than 1 5  seconds from sample p ipett i ng to wiping the pedestal 
c lean . Each sample was run 3 t imes to make ure of the qual ity of the results 
obtained and the concentrat ion average was calculated . 
2 04.3 Qua l itat ive determinat ion of extracted DNA 
The extracted genomic D A sample were analyzed by electrophoresis on a 1 % 
agarose gel ( 1 . 5g  agarose, 1 50ml I X  TBE and 8 f..l l  EtBr .  The voltage= l OO) .  Then the 
gel was analy zed under the UV l ight and the graph were taken. E lectrophoretic 
2 5  
eparation is  ba ed on  the principle that a charged pal1ic le \\ i l l  migrate toward one 
r the e lectr de \\ hen placed in an lectrical fie ld .  The speed and d i rection a 
charged part ic le  mO\'e can be determined b) its net charge. size. hape and 
molecular \\ e ight a \\-e l l  a external factor such as the compo it ion of the buffer. 
th \ ol tage u ed among other variable . 
2AA A m pl ification proce u i og  T 1 00l rll Thermal  Cycler ( B io Rad)  
The P R a l lows select ive amp l i fication of a detennined port ion of D A i n  
v i tro. The t chnique was made possible b _  the d iscovery of Taq polymerase. which 
is  table  at h igh temperature . In this study PCR wa performed using T I OOtm 
Thermal Cl cler ( B io Rad) to ampl i fy and detection of the RH gene of the RhD 
negat ive ample , which is ba ed on the diagnost ic ampl i fication of a D A sequence 
pre ent in the Rh-positi \"e indi\ iduals and ab ent in Rh-negat i e .  
2 .4..4. 1 Primer selection 
Becau e D and CcEe gene are highly homologous, i t  i s  possible to design primers 
that al1l1eal to a region of the D gene and a lso to a region of the CcEe gene. see figure 
4. I n  that \\'ay, al l D A sample provide a template for ampl ification. Primer D 1 for 
a sequence located i n  exon 4 ( posit ion nt 52 1 -5-W) .  and primer D2 for a sequence 
located in ex on 5 ( posit ion nt 670-65 1 ). were u ed to d ist inguish the RHCE and RHD 
gene as shown i n  table 6 which were selected according to S imsek et a1 . The bands 
re u l t ing from the PCR ampl ificat ion are shown in figure 6 .  
P r i m e r  
D I  
D2 
nt  5 2 1 -540 
exon 4 
n t  670-65 1 
exon 5 
2 6  
Detection 
of 
RI I D  and 
R H C E  
purchased from fanf:: Eurofi us MWG-Operon-Europe (A I  Mazroui  medical and 
chemical upp l ier ) .  
Table 6 :  PCR primers [or detection of the RHD and RHCE gene 
e 
0'----------0 
01 02 
1 200 bp 
CcEe 
E<O E5 
01------0 
D1 D2 
1 200 bp 
Q�---iO 
D 1  D2 
600 bp 
Rh(O) 
positive 
Rh(O) 
negatlv 
Fig u re 6: Pr imer D 1 and D2 . Boxes ind icate exons .  The annea l i ng of D I and D2 
pri mer to complemental') D and CcEe D A region i ho\\ n .  D I  and D2 b ind to 
eAon 4 and exon 5, re pect i Y e ly, in D and Cc E gene . The band re u lt i ng from the 
PC R amp l i ficat ion are represented . 
2AA.2 Select ion of the  appropriate genomic D N A  vo lume 
According to  the resul ts obtained from the gel e lectrophoresis  ( genomic D A)  
the appropriate volume for each samples (45  samples) were determined to prepare 
the fi nal PC R reaction of 25!l 1  to be run . 
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2AA.3 Preparat ion of PC R reaction 
The po i t i\  e RI ID ample \ .. hich u ed a a control amples wa carried out 
\\ ith 2 �d g nomic D . 1 2 . - II I TAQ PCR a ter Mix .  1 . 5 II I of each forward and 
rc\ cr e primer ( l Op ) and 7 .  - II I D free vv ater in  a �5  II I  reaction vol ume as 
h v. n i n  table7.  The ther PCR reaction \\ere prepared with d ifferent genomic 
D volume a ho\\ n in tables 8 .  9 & 1 0 . 
DNA 
F D I  
RD2 
PC R M aster M i x  
H 2 O  DNA free water 
Tota l vol u m e  
Volu m e  II I 
2 
1 .5 
1 .5 
1 2 . 5  
7 . 5  
25  
Tab le  7:  F i rst PCR reaction for QC samples and the other remain ing D A samples 
DNA 
F D I  
RD2 
peR M a  t e r  Mix 
H20 DNA free water 
Total vol u m e  
Vo l u m e  III 
9 
1 . 5 
1 . 5 
1 2.5 
0 .5  
25 
Table 8: econd PCR reaction for samples # 1 7 ,26, & 29 
DNA 
F D I  
RD2 
pe R M aster M i x  
H2O DNA free wate r  
Tota l v o l u m e  
V o l u m e  ,... 1 
5 
1 . 5 
1 . 5 
1 2 . 5  
4 . 5  
25  
Table  9 :  Third PCR reaction for samples # 28  & 30 
28  
29 
Volume ).1 1 
D A 
1 . 5 
F D I  
1 . 5 
RD2 
1 2 . -
PC R M a  ter M i x  
8 . 5  
H 2 0  DNA free water 
7 -- )  
Total vo lume 
Table  1 0 : Fourth PCR reaction for samples # 1 1  & 1 2  
2 .... .... .... Thermal  cycle parameters for T I 00tm Thermal  Cycler ( Bio Rad)  
Al l  PC R reactions consi ted of hot-start cyc le a t  95°C for 5 m inutes. fol lowed 
by .... 5 cyc les of PCR in T 1 001111 Thermal Cycler. Each cyc le  should be done at 
d ifferent condi tions i nc l ud ing 95°C for 45 seconds, 64°C for I minute and 72°C for 
1 . 5 minute , fol lowed by final extension at nOc for 5 minutes as shown i n  table 1 1 . 
Cycle Stage Temp. D u rat ion Descript ion 
Hot-start 95°C 5 minutes Reconfiguration of enzyme 
once 
Denaturat ion 95°C 45 seconds d D  A p l i t  to ssD A 
35 
Annea l ing 64°C 1 minute primer anneal to binding site 
Extension 72°C 1 : 30minute primer extend by enzyme 
Post- 72°C 5 m inutes A l l  strands extend to i nc lude 
once 
extension extra adenine base 
Hold 4°C Temp. decrease to donate end 
once 
of process 
Table 1 1 : PCR thennal cycles parameters 
2A.S Detection of ampl i fied PC R product 
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The P R pr duct \\ ere anal) zed b) electrophore i on 1 .2% agaro gel .  
rrack l t  T m  1 K b  p l u  0 A ladder Cat. o. 1 0488-085 \\ a II ed a a marker to ize 
l inear double- tranded 0 fragments from 1 00bp- 1 2kb. Then the gel was analyzed 
under the l ight and the graphs were taken . 
204.6 PC R product eq uencing 
The unpuri fied peR products \\-ere packed and sent to Macrogen Korea that 
en ed over 1 0  years in sequencing field using cutt ing edge technology and 
del ivering fa t re l iable resul t . The) lise high t lu·oughput Appl ied B iosystems 
3 730XL equencers. The Appl ied Biosystems 3 730XL DNA analyzer are automated, 
h igh throughput cap i l lary e lectrophoresis systems used for analyzing fluore cent ly  
labeled 0 A fragments. ( for more detai l refer to Appl ied B iosystems 3 730/3730XL 
D A analyzer sequenc i ng chemistry guide) .  
2 04.6. 1 R u n  a m ple oHrv ie\\ 
Belo" a diagram of the D nalyzer run cyc l . 
�u n  
± 
/ I 
(I Autosampler 
brings waste 
reservoir to capillary 
�-Capillary array IS 
. \..�lIed with polymer 
array � 
( Electro�horesls ) 
r-;-Autosam� 
bnngs buffer 
reservoir to capillary 
array 
Figu " e  7 :  ON ana l y zer run cyc le 
2 04.6.2 Sample  Packin g  Req u i rements :  
r] Autosampler 
positions plates to 
capillary array 
� Electrokinetic 
Injection 
3 1  
The belo\\ table 0 . 1 2  shows sample pack ing requirement to be shipped to 
1acrogen Korea. 
Template Sample requirements Primer requi rements 
U npuri fied l OOng/ill Minimum 1 Opmole/�L 1  =60ng/1l 1 
peR products volume of 30 II I  M in imum volume of 201l1 
Table 1 2 : sample packing requirements 
2A.7 eq uenc ing re u l t  ana l) ze 
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The B1 databa e \v a u ed to obtain the t,-' o nuc leotide equences of exon 4 
to eAon 5 of b tb RI I C E  ( ac e ion 1 0 :  6006) and R H O  ( acce ion 1 0 : 6007)  gene. 
The e obtained quence' "v er compar d to the fol lo\\ ing acce sion number : i ntron 
-+ RH E :  Y I 0604. and intron 4 RHO:  Y I 0605 to recognize tbe s ize d ifferences 
between intron -+ of R H O  and RHCE.  
Th equence of the  te  ted ample were a l igned to  the wi ld type sequences of  
RHD and RHCE using MU CULE and T-cofft e programs. And the re ults were 
analyzed. 
2 04.8 Statist ica l a n a lyzes : 
Frequency of  A BO and the Rh phenotype and most probable genotypes for al l 
tudied group. and RH O-negat ive variants creen ing among RHD-negat ive donors 
were asses ed using dependent ample T -te t where P< 0 .05 I ndicates a significant 
d ifference using P Program. 
3 3  
C h a pter 3 :  Res u lt 
3. 1 Serologica l analy i 
Random Blood samples \\ ere elected from E local male and female ( 440 
male & 60 f male ) donor from different age groups ( 1 7-58 years o ld)  \vho 
donated blood at i n  Regional Blood Bank (AARBB ). The e amp les ( total of 
-00 amples) were te ted for BO forward and reverse grouping u ing conventional 
tube method and Diamed Gel Technology. The Rh antigens ( D, C.  c ,  E & e)  were 
ty ped u ing al 0 the same methods. And by analyzing the re ul ts obtained the 
frequencies of ABO and Rh phenotypes and rno t probable genotypes were 
determined. 
3. 1 . 1  ABO phenotype frequency 
The stri k i ng feature of the BO sy tem in I Ain population tudied here ( total 
tudied populat ion)  was the predominance of the phenotype 0 ( 56%) ,  fol lowed by A 
( 26.20 0) .  B ( 1 4 .2%),  and A B  ( 3 .6%) as hown i n  table 1 3  & figure 8 .  The frequency 
of ABO blood groups in a total of 500 male and female donor populat ion was 
compared. The percentage of A B,  B and 0 blood groups among studied male 
subjects were 26 .5  1 4 . 5 ,  3 . 8 ,  and 5 5% respect ively ( table 1 3  & Figure 9 ) . For the 
females, the percentages of ABO blood groups were 25 .  1 1 .6, 1 .6, and 6 1 .6% for A. 
B,  AB.  and 0 groups re pect ive ly (table 1 3  & figure 1 0 ) .  There wa no signi ficant 
d ifference in the distr ibut ion of ABO blood groups benveen male and female 
subjects. 
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B lood G roup  ' la le  Female Total 
I Number ° 0 '\;umber 0/0 N umber 0 0 
A 1 1 7 26.5 1 5  25  1 ... ..., .' - 26.4 
B I 6-+ 1 4 . 5 7 1 1 .6 7 1  1 -+ .2 
A S  I 1 7  3 .8 1 1 .6 1 8  3 .6 I 
0 I 2-+2 55  3 7  6 1 .6 279 56 I 
Table 1 3 : Oi tribution of d ifferent ABO blood J rou amon g p g male. female 
and total tudied population. 
Di  tribu tion of ABO in the Total  Stud ied Populat ion 
F igu re 8 :  Distribution of ABO in the total studied population 
Distribut ion Of ABO betw een Ma le  S u bj ects 
A 
27% 
Fig u re 9 :  Distribution of ABO between male subjects 
Di tr ibut ion of ABO Betn een Female Subject 
Figu re 1 0 : Distribution of ABO between female subjects 
3. 1 .2 Distr ibut ion of R h O  ( positive & negative) phenoty pes 
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The percentage of Rh posi t ive and Rh negat i e blood groups among studied 
male subjects were 9 1 . 1  and 8 .9  % respect iv Iy as shown in  table 1 .+  & figure 1 1 . For 
tudi d female. the percentage of Rh blood groups were 85 and 1 5% for Rh po iti e 
and Rh negat ive group respectively ( table 1 4  & figure 1 1 ) . There was no significant 
d i fference in di tribution of Rh blood groups between male and female subjects. The 
di tribution of Rh posit ive and Rh negat ive groups among total studied populat ion 
were 90.4. and 9 .6% respectively as shown in  table 1 4  & figure 1 1 . 
Blood G ro u p  �la le  Female  Total  
�umber °0 Number ° 0 1\umber � 
Rh-positi \  e 40 1 9 1 . 1  5 1  85  4 -' )� 90A 
R h-n egatin 39 8 .9 9 1 5  48 9 .6 
Table 1 4 : Distribution of dI fferent Rh phenotypes among male, female, 
and total studied populat ion 
Di tr ibu tion of Rh D phenotype among M a le, Female,  and  
total tudied popu lation 
1 20 
1 00 9 1 .  I 
85 90.4 
8 0  
Rh-po i t i \ e 
Rh-negat i\  e 60 
.. w 
20 
0 
Male Female Total 
36 
Figu re 1 1 : Di tribution of d ifferent Rh phenotypes among male .. female .. and total 
tudied population 
3. 1 .3 Di  tr ibut ion of R h  a ntigens 
Regarding Rh antigens. table 1 5  sho\\' the d istribution of Rhesu ant igens i n  the 
total population studied which are a fol low : D= 90.4%, C= 76 .2% .. E= 2 7 .2%, c= 
7 1 .6% and e= 97 .8%. The e ant igens were compared to each accord ing to its 
reactiv i ty with each anti era as shovm in figure 1 2 .  The genotype frequency was 
ba ed on the most probable genotype for a given phenot) pe. For that.. the distribution 
of mo t probable  genotypes as fol lows: R, r = 29 .8%. R, R, = 28 .4%, R, R:� = 1 6 .8%, 
rr= 8'-+%, R2 r= 8 .2%, Ro r=5% .. R2 R2 =2 .2% .. and r'r = 1 . 2% as sho\J n i n  table 1 5 . 
0 
Pos 
Neg 
Neg 
Neg 
Neg 
Neg 
Pos 
Pos 
Pos 
Pos 
Pos 
Pos 
Pos 
Pos 
React i o n  ,� i t h  A n t i- I phe n o t) p ic M o  t Probable 
Des i a n a t i o n  G e n o t \ pe 
r h '  C r h "  E h r' c h r" e W ie n e r  Fi  h e r- W ie n e r  F i  her-Race Race 
RhO-pos D-pos RhO-pos D-pos 
Pos rh' - pos C-pos rh' - pos C -pos 
Pos rh" -pos E-pos rh" -pos E-pos 
Pos h r' -pos c-pos hr'-pos c-pos 
Pos hr"-pos e-pos hr"-pos e-pos 
Neg Neg Pos Pos rh rh ccddee rr ede cde 
Po� Neg Pos Pos rh' rh Ccdee r'r Cde/cde 
Neg Pos Pos Pos rh" rh ccd Ee r"r cdE cde 
Pos Pos Pos Pos rh' rh" CcdEe r'r" Cde cdE 
Pos Neg Neg Pos rh' rh' CCdee rlr' Cde Cde 
Neg Neg Pos Pos Rhorh ce Dee Ro r c De cde 
Pos Neg Pos Pos R h l rh Cc Dee R I I' C Defcde 
N eg Pos Pos Pos Rhe rh ce DEe R1 r c D E, cde 
Pos Neg _Neg Pos R h l  Rh l CC Dee R I R I C De/C De 
N eg Pos Pos Neg Rh2 Rhe ccDEE R2 R2 c D E/c D E 
Pos Pos Pos Pos R h l  R ile  CcDEe R I R2 C De/c D E  
Pos Pos Neg Pos R hz Ril l CC DEe Rz R I C DE/C De 
Pos Pos Pos Neg R hl R ile  CcDEE Rz Re C D E/c DE 
Table 1 5 : Distribution of Rh phenotypes and most probable genotypes 
0 0 Pos 
Distribut io n  of Rh phenoty pes 
1 20 
1 00 90.4 
80 
60 
76.2  n . 8  '7 1 .6 
40 8 .4  
20 9 . 6  
o 
D C E c 
Figure 1 2 :  Distribution of Rh ant igen 
9 7 . 8  
2 . 2  
e 
37 
I 1 
% 
90.4 
76.2 
2 7 . 2  
7 1 .6 
97.8 
8.4 
1 .2 
0 
0 
0 
5 
29.8  
8 . 2  
2 8.4 
2.2 
1 6.8  
0 
0 
38 
3.2 Compari on of the d i  tr ibu tion of differen t  blood group  between the 
pre ent  and  other tudie 
Oi 'tribulion of the 80 and Rh blood group obtained in  the pre ent tudy \\ ere 
ign i fi cant l )  d i fferent \\ ith tho e of e\ eral other tudie ( P< 0.05 to P< 0.00 1 for 
AB group and P< 0.05 to P<  0 .0  I for Rh groups ) a s  hO\\' [1 i n  table 1 6, 1 7, 1 8  and 
figure 1 3 . 
Popu lat ion 
Asia 
l A in  ( l A E )  
Ka lba (UAE)  
Saud i  Arabia 
Ku" a it 
K u rds ( I raq)  
I nd ia 
I nd ia  
Pak i  ·tan 
E u rope 
Brita i n  
H u noar" !"> • 
Tu rkey 
French 
Africa 
I 'a i rob i  
Sudan  
G ui n ea 
I ' jgeria 
References 
present 'tud) 
Taha, J .Y. ( 20 1 2 )  
Bash\\ ari. L . .et al (200 1 ) 
A I -Bustan. S o .  et a J .  (2002 ) 
.TafT M . S . C�O I 0 )  
Agra\\ aJ .  . ,  et a 1 .  (20 1 4 ) 
Khattak, 1 . 0  .. et a l .  (2008 )  
Khattak. 1 . 0  . .  e t  a l .  (2008 ) 
Khattak. 1 . 0  . .  et a l .  C �008 ) 
Tauszik.  T. ( 1 99"- )  
kbas. F . .  e t  al . ( 1003) 
Borghe.e. B .. et a l .  ( 20 1 4 ) 
L} ko J .. et a 1 .  ( 1 992 )  
Khal i l ,  I .A . .  e t  a 1 .  ( 1 988 )  
Loua. A. .  e t  a l .  (2007 ) 
Falusi .  A.G . ,  et a J .  (2000) 
A% B% AB% 0% 
26.4 1 4 .2 3 . 6  56  
24  22 .8 4 .7 48.4 
26 1 8  4 5 1  
1 6  1 4  2 .6  66.7 
3 2 .47 23 . 84 6 .53  3 7 . 1 6  
22 .88 32 .26 7 . 74 3 7 . 1 2  
1 8 .8 ""' ') � .) - . ) 9 .9 3 8 . 7  
27 .9  3 2 .4 1 0 . 5  29. 1 
4 1 . 7 8 .6 ""' 46.7 -, 
2 7.6 t 2 . 1 8  4 .2 5 5 . 9  
1 2 .2  1 2 . 1 0 .8 73 .9  
47.5 1 0.3 3 38 .9 
1 5 . 8  1 2 .6  2 . 3 9  69 
1 8 . 1 4  1 2 .3  2 .68 66.8 
22 .5  23 .8  4 . 72 48 .8 
24.4 23 . 8  2 .75  48.9 
Table 1 6 : Comparison of distribution of d ifferent ABO blood groups in  the present 
study with those of otheJ studies: 
I 
Populat ion References I R h  +(% )  R h  -(% ) 
Asia 
AI  Ain ( 'AE )  present stud� 90.4 9 .6 
Kalha ( lIA[:)  Taha, J . Y. ( 20 1 2 ) 9 l . 1  8 .9 
Saudi Arabia Bash\\ ari, L . ,et al ( 200 1 ) 92 8 
Jordan Ahou-Jaba\. A.. et al. ( 2003 ) 87 .2 1 2 . 8  
Kurd..; ( I raq ) Jaff. 1 .  ' . ( 20 1 0 ) 9 1 . 7 8 .2 7  
I ndia Agra\\ a\ . A . .  e t  a l .  ( 20 1 -+ )  94.6 1 5 . 39  
I ndia Khattak. 1 .0 . .  et a l .  ( 2008 ) 94.45 5 . 5  
Pak istan Khan. M . . et a l .  ( 2009 ) 89 .5  1 0. 5  
E u rope 
Bri tain Khattak. I . O  . .  d a l .  ( 2008 )  83 1 7  
Genl1an� Akba . F .. et a ! .  ( 2003 ) 95 5 
French Borghese. 8.. et aJ .  ( 20 1 4 )  76 .9 23 . 1 
Africa 
T igeria Falusi .  A.G . . et al . ( 2000 ) 94.3 5 . 7  
�ort h  America 
SA Khattak. 1 . 0  . . et a l .  C�008 )  85  1 5  
Table 17 :  Compari son of d istribution of Rh O  phenotypes i n  the present 
study with those of other studies 
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Populat ion Reference. D(Yo 0/0 c°lc) E(Yo eOlo 
AI in ( A E )  present stud;. 90.4 76.2 7 1 .6 2 7.2 97 .8 
Ka lba ( A E )  raha. J .Y ( 20 1 2 ) 9 1  1 73 2 7 1 .0 2 1 .0 97.3 
. J u nlan  A bou-.I nbal , A . .  e t  a l .  ( 2003 ) 87.2 67 9 80.3 :;0.2  96.6 
Sa ud i  Ara ia l I assan. 1'.1\1.. et al .  (' 20 1 3 )  9 3 . 1 2 1 .9 99.8 1 3 . 8 99.8 
I \\ cst Africa S i r-ans: Bogu l .  L.. et aL 92 .9 2 1 .9 99.8 1 3 .8 99.8 
I (20 1 4  ) 
Table 1 8 : ompari on of di tribution of di fferent Rh ant igen in  the present 
stud with tho e of other studies 
Corn pari on of the  di tr ibu t ion of differen t  Rh a ntigens 
betw een cu rre n t  tudy with those of other s tud ies 
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Figu re 1 3 :  Compari son of distribution of di fferent Rh ant igens i n  the present study 
with tho e of other studies 
3.3 Compari on of  d i  tr ibut ion of Rh phenoty pe and most  p robable  genoty pes 
between t h e  p resent and other stud ies 
The d istribution of the most probable genotypes was obtained and found as 
fol lows: R l  r = 29 .8%. R l  Rl = 28 .4%. R l  R2 = 1 6 .8%. rr= 8 .4%. R2 r= 8 .2%. Ro 
r=5%. R2 R� =2.2%, and r'r = 1 . 2% as shown i n  table 1 9  that can be compared with 
other studies. 
p he n o t y p i c  M o  t P robable  
Oes i�n a t i o n  G en ot,pe 
\V i e n e r  F i  h e r- W ie n e r  F i  her-Race R a ce 
RhO-pos D-pos RhO-pos D-pos 
rh' - pos C-pos rh' - pos C-pos 
rh" -pos E-pos rh" -pos E-pos 
hr'-pos c-pos hr'-pos c-Qos 
hr"-pos e-pos hr"-pos e-pos 
rh rh ccddee IT cde/cde 
rh' rh Ccdee r'r Cde/cde 
rh" rh ccdEe r"r cd E- cde 
rh' rll" Ccd Ee rlr" Cde'cdE 
rh' rh' CCdee r'r' Cde/Cde 
Rhorh cc Dee Ro I' c De/cde 
R h l rh Cc Dee R I r C Delcde 
Rh� rh ccDEe R2 r c D E/cde 
R h l  R h l  CC Dee R I R I C De/CDe 
Rh2 R h2 ccDEE R2 R2 c D E/c D E  
R h l  Rh2 CcDEe R I R2 C De/c D E  
R hz R h l  CCDEe Rz R I C D E/C De 
Rhz Rh2 CcDE E Rz R2 C D E/cDE 
0/0 % 
% 
K a l ba a u d i  
P re e n  U A E  A ra b i a  
t t udy Taha, H assan, J . Y .  
F . M . ,  et (20 1 2 ) a ! .  
(20 1 3 )  
90 ...1 9 1 . 1  93 . 1  
76.2 73 .2 62.3 
2 7.2 2 1 .0 4 2 . 7  
7 1 .6 7 1 .0 4 1 . 7 
9 7 . 8  9 7 . 3  9 1 .0 
8 ,4 7 . 3  . . . . .  
J .2 J .2 . . . . . 
0 . . . . . .  . . . . . 
0 0 . 1 . . . . . 
0 0 . 6  1 . 7 
5 1 0 .9 3 0 . 8  
2 9 . 8  3 0 . 9  9 . 5  
8 .2 6 .7  . . . . .  
2 8 .4 2 8 . 1 8 . 3  
2 . 2  1 . 8 . . .. . .  
1 6 .8 1 1 . 5 3 0 . 8  
0 " 0 ' 1 3 . 7  
0 0 .6  . . . . . 
I 
% 
We t 
A frica 
S i ransy 
Bogui ,  
L. ,  et aL 
(20 1 4  ) 
92.93 
2 1 .9 7  
1 3 .82 
99.85 
99.85 
5 .6 
1 .3 
. . . . 
. . . .  
. . . .  
60 .5  
1 8 .5 
1 1 . 8  
. . . .  
. . . . . 
1 . 8 
. . . . . 
. . . . .  
4 1  
I 
% 
J u rd a n  
Abou-
Jabal , 
A . . et a ! .  
( 2003 ) 
87 .2  
6 7 .9 
3 0 .2 
80.3 
9 .6  
1 0 .4 
0 .9 
0 .5  
0 . 5  
0 . 5  
. . . .  
... ... ... .).) . .) 
1 2 .2 
1 8 .9 
3 .2 
1 3 . 3  
0 .3  
0 .2  
Table 1 9 : Compari son of di  tnbutlOn of Rh phenotype and most probable 
genotypes between the present study and those of other studies 
3.4 \ Io lecu lar  ana ly j 
3.4. 1 Molecu lar  ana ly i of the extracted genomic DNA 
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t tal of 48 ample out of 500 found to be RhD negat i \  e that correspond to 
9 .6 0 0 for RhD negat ive phenotype. The cde phenotyp was counted for 40 sample 
( 8 .40 0) and Cce ph notype found in 5 amples only ( 1 .2%).  In our study The D A of 
45  al11ples w ere extracted ( 3  samples v,'ere 10 t ) , and the qual ity of the e tracted 
D wa a e ed ei th r by anodrop or by gel e lectrophoresi . The captured gel 
picture are sho\\ n in figure 1 4 . 
Figure 1 4 : Determ i nat ion of the qual ity of extracted DN A of the te ted ample . 
3"'.2 Detect ion of R H D  gene by peR Product a naly i 
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For d lect ing the pre nee or ab ence of the RHO gene. the P R ampl i fi cation 
for intron 4 of the R H O  and RH E gene \Va p rformed by primer 0 1 /02 a 
ho\\ n in  figure 6 .  I n that \\ aJ . a l l  0 ample provide a template for 
amp l i  ficat ion.  D ifferent annea l ing temperature ( 5 8.  6 L and 64°C )  w re u ed. and the 
be t \\ a 6411C .  Rh-po i t i\e P R product (qual ity control sample ) showed t\\ O­
band' of di  lTerent ize that correspond to 600bp ( D  gene) and 1 200bp (CcEe gene) .  
\\ hi le Rh-negat i \ e amples sho\',;ed a single band corresponding to the fragment of 
the c Ee gene a shown in figure 1 5 . 
1 .2Kb � 
O.6Kb � 
M (+)1 ( - ) 1  
Figure 15 : Qual i ty Control PCR products; (+) : i ndicate RhD posi t ive, ( -) 
i ndicate Rh negative 
Intron 4 of the RHCE gene was amp l i fied in al l the 45  tested sample ( RhD-
negat ive) .  These samples gave the 1 200 bp bands with d i fferent band i ntensity a 
sho\\'n i n  fi gure 1 6 . 
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Figure 1 6 : PCR product gel e lectrophoresis  results of the te ted Rh 
negat iv samples 
3A.3 Seq uenc ing of I n tron 4 of the RH D  and RH C E  as PCR prod ucts 
The RHCE and RHD gene are compo ed of 1 0  exons. A deletion of 600 bp i n  
i ntron 4 of the R H D gene was identified. H uang showed a l l  sequences of intron 4 in  
the RHD gene. and i ndicated the ex istence of the human A lu repeat in  intron 4 of 
RHCE gene ( Huang. C .  ( 1 996) ) .  Avent. ND et a l .  demonstrated the All! element 
s imi lar to Hung's report in  addit ion to a l l  sequences of i ntron 4 in both RH D and 
RHCE genes ( Avent. . D  . .  et a1 . ( 1 997 ) ) .  To identi fy intron 4 in both the RHD and 
RHCE genes, we carried out PCR amp l i ficat ion with Primers D l ID2. The nucleotide 
sequences of i ntron 4 of RHCE and RHD genes are shown in figure 1 7 . It was 
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c nErmed that the di tTerence In lze bet\" een intr n fragments of RHD and RHCE 
gene deri \'e from a deleti n, and that th non-deleted equen e of RH D gene i 
identical to the RH E gene except [or three nuel otide ( Huang, C .  ( 1 996)  & vent. 
. D  . . et a1 . ( 1 997 ) ) .  The quence re ult 'here compared \\ i th the wi ld type 
equence of the exon 4 through exon 5 of RHO and RHCE gen . 
RJln � •. ". I \O\ � gtaagga;aagq gqqq gag ggt t IIC ' gggClglIgClIglIlIlgg:lClIgllall4ggcl�l9ge�g 
I<lm �(lI\ l \O\4 gtaagg,,;aagg '1'1'1'1 gagt gle 8C g99c gll9clI�adl99ct dgdaaagg- c 9ge 9 1 0  
a a a  aateteec ect ; acca� tcccctqgg gtc gaagccct ccatca ga tc�tcttt�a 
aaaaaa tctccc cc � " acca� cccct999t'ltctgaagccc ccatcatga t tc� tc ttga I tO 
'cttllll9g9acctctcttcattaatatcca ta'lt'lt 9C aaa�tca ac t tgaa aagcact 
qta'lt'ltt gc aaa" " catacc t gaa aageac tc" - - -
ctagaaAggagagactcattatgtgtg4gtttcaataAgtttatccaatccctttgttttcaactgaaag 
tgtactttgaaaatctactgggaaaatgatgaacttagactgctgggagaggctaatagaaatcggcagt 
aaaataagcgtttgggccaggcgtggtggctcaagcctgtaatcccagcactttgggaggccaaggtggg 
tggatcacctgaggtcdggagttcgagaccagcctggccaacagggcgaaaccccatctctactaaaaat 
acaaacaaltcagctgggcatggtggtgcacgcctgtaatcccagctacttgggaggctgaggcaggag 
atcttttgaatcc4ggt'lgtgg4ggttgca'ltgagccoagatc'lc'lccact'lcactccagcctgggcaac 
1 1 0  
1 80 
)SO 
420 
490 
S60 
6)0 
700 
1 1 0  
agagcaaga'ltccatctcaattaaaaaggaaaaaaaattaaaataagcattt'laccat acagagcag9 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - - - - -acagagcagq" eto 
�ca'l'la'l9ce t g'lgg a 'lea'la caac c c t t qqcc t t t g t l tcc 19tc 9 aaaat qt'lgt t a g  
t c a g  aggc tgggg atg a g a  t caaccc c tgqcct q t t t c  t t gtc 9 aaaatgtg9t :ag 910 
c�g9 a- cage gagage c99agg9gaqacq 'lac c rca � aa c aag 9acaagg tgaqa 
c:qqta-.cagc qaqaqct qqaqqqgagacq 'lac tcccc c aac c aag qacaagqe gaga 9BO 
c:ctccagc:c a'lgattctcatccaaaacecc cgag'lc ca'laeet t9'1 09cJggag qtgattc 9 1050 ccc cccagccctaggattc:catccaaaacccctcga'l'lctca'lacc t t t 99aqcaggag t'ltgattctg 
gccaaccaccctc ctqgcccccaq �"..."...;.. ...... """'� 
gccaaccaccctc ct 'l9ceccc89 
L.....""";';""" __ 
Figu re 1 7 : The nuc leotide sequences of intron 4 of the RHCE ( Zipper)  and 
RHD (101l 'er) genes. The RHCE and RHD genes con ist of 1 ,075 and 426 
nucleotides, respectively .  The black letters demon trate the common region 
of the RHCE and RHD genes. The white l etters show the spec ific region of 
the RHCE gene. The letters surrounded wi th an oblong frame indicate the 
nuc leotide subst itut ions between the RHCE and RHD genes. The broken l i ne 
indicates the deleted region of the RHD gene. 
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The \\ i ld t) pe eq uence \vere a l igned \" i th the D A eq uences obtain d and 
\y found that the e equence were more c lo e to the RHCE gene than the RHD 
g ne and thi confi rm the re ults obtained from the PC R products gel e lectrophoresis 
( 1 200 bp bands COITe pond to the CcEe gene) .  F igure 1 8  sho'W one samples as an 
example. 
22t 
;....t.{c:: 
P...'1: 
2Gb 
2�b 
RilC:: 
Ril: 
2Zb 
: :::b 
RHC:: 
RH" 
::::b 
RilC:: 
Ril: 
221: 
Rlie:: 
Ril-
221: 
Rile: 
:u:: 
221: 
Rile:: 
RH: 
CTGGGT;..;..:::;;..C;..;..r-......,lc;cr�IGAGTGGI eTCA I�CITGGGC7G;.GCAC;A;.!Go:;crc;,:;;. 
CTGGGT ;";":::;AC;";":;GTc;cr.:.GIGAGT GG7 eTC;' T ACTTGGX:Gi.GC;'G;..;..TGGCTC�::;;" 
CTGGGT ;..;..::;::;;.c;.;.:;.:;rG:;r.,<;:GAGTGGT CJC:T�CIrCq.:.CrG;.Gr-"s;.;. T ,:;r.,...1w,:;;", 
. . ... ,. � . � . �  . . . .. . .. ... ... . . . . .. . . . " . - .... ... ... ,. • •  .. • . ..  ", ... ... .. ,.. .. · • . . . .. · "  .. ..  ]11 11 " .,.. .. .. 
��cT�"CI�rCTccCTCCT,T�CCnrlCTr-ccCIGr.,G7GTC;G;..;..3CCC 
;..;..;..G:;crCTC�I TCTCCCTCCTTT.:..C�eTICCcCTG&3:Grc:G;..;..3Ccc 
;..;..;..GGCTCTGGCT�rCTccCTcCTrr.:..c:c;..;..GTICCCc:-GGG:GTCTG;..;..GCC �  
� .. 'II .. . .  � . 1! "'  . .. .. .. . ... . ..  � . . . . . ... " . .. . .. . . .. . I< :J  . ,  . .... . . . .. .. . .. . . ... . ,. . .. . .  " . 
TTCCATCAT:;;"'TTCACIrCTT:GAGIAGISTTTGCT;..;..;..rrCAr':"CCTTTG;";"TT;..;..3C':" 
rrCCATc.:..T:;;"'TTc.:..CITC7TTG.:..GT.:..GT3TTTGCT;";";"Trc.:..:':"CCT:,GAAIT.:...:..G:':" 
TTCC':"Tc;,T ';':"TTCArr. . ,  TGAGTAGTGTTTGCT;';';"TTCATACC::-GA.:..H;";":;':'" 
CTTCCTTTIAGGG':"CCICTCTTc.:..TT;";"T':"ICC;':T� Gr�GAGACTC�71;'TGTGT 
CIICCTTTT':"G-:;G.:..CCT�TCTTc.:..:T;";"T;"TCC.:..::r�G;.;..;..GG.:":;;;GACTc.:..TTATGI:;r 
CTT- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
G.:..GITTG..; T;";"STTT;;:rCCAh TCCCTITSTITT-MCTG;.AJ.GG;.Gr.,G;;;..;..CGr.u.c;..;..:; 
G.:..GTTTc;.;..TAhGTTT.:..Tcc;..;..TceCTTTGTTTTen;;CT�.,G.:..GGr�CG::;.:..�::; 
TG;..;..'�;:;rAG�-C.:..-.,<;AG::;.:...:..Gt".u..:..c;..;..GG:;rGGG;.;.T;,.Gl;..;.:;.;..;..TGTT:;T.:..CT 
T��G��.:..�C�GGAG7G;..;..��Ahc.:..hGGGTGGG.:..ATAGTAh:�TGTTGTA:T 
TIG�Tcr��Tu-:�rGhTG;";"CTT�.nCTGCTG�;"G�c;r",c �;T;'.G;�T=G 
TT�TCTACTJG�TGATG�CTT;,.SACTGCTG�G�G�3CT�:AG;,.;..;..;..TCG 
GGCAGT:;;":·CTTG. T ;":;TAGr.,c;..AAGt"..ACTA TCAGGCCACC-::T.,GTC;..;..GTT;';';',3C.:..GC" 
GGC.:..GTGA�ITG_:'T AGI.AGr.,c;..;..;..,:;r..A:r;"ICAs.xc.:..cC-GG-:;rCN-.:;-T;";';"GC.:..Gw.. 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -CAC�G- - - - - - - - - - - - - -�  
c;..TTc;.TT� :AACC7TTI7.:.CCC3C-GCGGGGGG"'£IC;"GCeCT:rr;..;..c 
c.:..:Tc;.TT�" .. ..  �:.�T;W;CGTTT:;GGCC.A:;:;.::;r&:;rGt"",.cIc;.;.GCCT:rr;,.;..T 
GGTICA- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -
F ig u re 1 8 : Sequence a l ignment of the RHCE,  RHO and the seq uence obtained 
for one of the experimental  samples 
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C h a pter  4: D i  cu i o n  
�. 1 Oi tr ibut ion of A BO Phenotype 
gene Cor the pec ification of antigen or B or t) pe 0 determines the blood 
t) pe. There are D d iff! rences. or po l) m rphi ms. that det Imine the function of 
g l)  co ) I tran ferase. re u l t ing in  di fferent BO blood types. Distribution of ABO 
phenOL) pe and thei r per entages among 500 local donor of I Ain district were 
determined . Data obtai ned b) erological ABO testing ob erved in Al Ain population 
are gi\  n in  table 1 1 . Th re \\ a no ignificant d i fference in  the d istribution of BO 
blood groups bet-w een male and female ubjects, thi  is due to the fact that blood 
group are autosomal and the frequenc ies are not d i fferent in th two genders ( Taha. 
J .Y .  (20 1 2 ) ) .  
companson of t he  distribution of ABO and Rh blood groups i n  AI A in  
population obtained in  the pre en! tudy with those of e\ eral other studies showed 
i gn ificant d i fference in the di tribution of both ABO and Rh blood group antigens. 
I n  our tudy the ABO b lood groups showed that the blood group 0 was most 
pre\"alent fol lov;ed by group A B. and AB .  This arrangement in the distribution of 
A BO group is s imi lar to that found i n  audi Arabia and Kuwait .  I n  contra 1 .  the 
commonest groups in I ndia and Pakistan are the blood group 0 and B .  whi l e  i n  
Europe the commonest b lood groups are 0 and A .  I n  addit ion,  the distribution of  
d ifferent blood group i n  the present study showed s l ight d ifference i n  the percentage 
compared to that of an only document regarding the distribution of b lood groups i n  
AE,  Kalba region ( Taha, J .Y .  ( 20 1 2 ) ) .  
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The e findi ng con fi rm that th di tribution of blood group in  di fferent area of 
the \\ orld ' arie \', hich i perhap du to genet ic di fferen e between different 
populations. Therefore. it is necessary to determ ine the blood group of d ifferent 
geograph ical area . 
Research on BO group ystem has been of immense intere t, due to its 
medi al importance in  di fferent disease. The ABO blood group system i not only 
imp rtant in  blood tran fusions, cardio ascular disea e, organ transplantat ion. 
erthrobla to i s  in  neonates. but al 0 one of the strongest predictors of national suic ide 
rate and a genetic marker of obesity ( Mo l l i  0 PL( l 979)  . Hein,  H . .  t al .  ( 200 - ) .  The 
genet ic h i  tory of a per on can be kno\vn by tudy ing the blood group ( Sokolov. R .  
( 1 993 » ) .  And thi and other facts confi rm the importance of determ ination of the 
prevalence of ABO groups in  different popUlat ion to meet transfusion medic ine and 
other field's requirement . 
4.2 D istri but io n  of Rh  p henotype 
The studied group consisted of 500 sample selected from both genders (440 
males and 60 females) and from different age groups. In Rhesus system, our study 
shO\vs prevalence of Rh posi t ive \vas 90.4%, , h i le  only 9 .6  % was Rh negative. 
These figures are s imi l ar to other stud ies carried in other Asian and African 
countries. These figures can be also compared to that of Europe which shows 
significant d ifference in the distribution of Rh negative phenotype as shown in table 
1 6. This suggests that the expected frequency of Rh iso- immunizat ion would be 
lower i n  our popUlation t han that encountered i n  t he Europe countries. But regarding 
the d istribution of Rh negat ive among female subjects i t  showed h igher percentage 
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compared to the mal . thi  can incr a e the P rc ntage of H D  in  R h D  negat i \  e 
pregnant women. 
The d i  tribution of the mo 1 probable genot) pe that was obtained from the 
phenot) p ha been ho\\ ed in table 1 8 . It \va found that there \.,-ere only 8 Rh-hr 
mo t probable genot) pe characterized in population. wh i le  the other most Rh 
probable genot} pe \\ hich are :  Rz R l ,  Rz R2. r'r'. r'r". and r"r not found in th is 
studied populat ion. This variat ion can be compared to thi rteen Rh phenotypic groups 
oh arious frequenc ie \\ hich were recorded b) Taha, J . Y .  in Kalba region. UAE. and 
bOll-Jaba l .  A . .  et aL 2003 in Jordan 
The di tribut ion of Rh phenotype and most probable genotypes widely range 
among d iff! rent races and re l igions. Our study showed that the most frequent 
ant igen amongst five major antigens of Rh system was RhD whi le  the least common 
\\'a E antigen. And regardi ng the Rh phenotype and most probable genotype it was 
found that the 1110st common in Rh posi t ive samples were CC Dee and DCe/DCe ( R J  
R 1 )  respect ivel) . Whi le in  Rh negat i e samples i t  wa cde/cde ( rr ) . 
Rh blood group y tern ha v i tal role in population genet ics study and more 
importantl} in transfusion practices. KnO\vledge of Rl1 phenotype . . 1 11 a g Iven 
population is relevant for better p lanning and management of b lood banks (Al -
Sheikh,  1 . .  et  al . ( 1 998 ) ) . Patients wi th  sickle cel l  d isease. thalassemia, etc. who need 
mult ip le blood transfusion are not few in our region. they may develop al lo-
antibodies against Rh ant igens . And to solve this we need to know Rh phenotypes of 
the donors and recipients. Here we recommend that such ident ification procedures 
prior to transfusion is most vital in transfusion practice. Such stud can be appl ied in  
practice for rapid and effic ient identi fication of blood donors and immediate 
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election of needed ompat ib le blood unit through forming donor patients registry 
data ) tern. 
4.3 Determ i nation of the Rh negative Variant  
T\\ o gene \\ hich are the RH O  and RH E located in  the c los proximity on 
chromo ome 1 encode the Rh protein . the RhD and RhCE .  The genes are 97 percent 
ident icaL each has 1 0  e. on and encode protein that di ffer by 32  to 35 amino ac ids. 
The large number of amino acid d i fferences xplain vvhy exposure to RhD can resu l t  
i n  an immune re pon�e in  an RhD-negat i \'e individuals. These two genes can encode 
different variant that can't be identi fied serological ly .  and important ly they are 
c l i n ical ly  s igni fi cant and have caused tran fusion fatal i t ies (Chou. .T et a ! .  20 1 0 ) .  
The d istribution of D-negative individuals worldwide attract the early attention 
of population bioJogi t , who attempt to make prediction of human origins and 
m igrations based on Rh phenotype (Caval l i - forza, LL .  (1 99 1 » .  It is now obvious 
that the D-negati ve phenotype has ari sen numerou time on di fferent genet ic 
backgrounds. There are three known mechan ism ; which are : the entire delet ion of 
the RHD gene that occurred on a Dce haplotype ; that is ,  the RHC E  al le le can'ied 
\\' i th the deletion is ceo The other variants can be a raised due to the RH D that is not 
expressed because of a premature top codon. nucleotide i nsertions, point mutat ions, 
or RH D/CE hybrids ( Huang, C. ( 1 996) & Avent, N . D. ,  et a!. ( 1 997 » ) .  D-negati e 
phenotypes i n  A frican and Asian persons are often caused by inacti e or s i lent RHD, 
rather that RHD deletion (Chang, J .O . ,  e t  a! . ( 1 998 )  & Shao. c . ,  et  al . ( 2002 » . In  0-
negative A frican black persons, 66% have RH D genes that contain a 3 7-bp insertion. 
which resul ts in  a premature stop codon. and 1 5% carry a hybrid RH O-CE-D l inked 
5 1  
to ce. termed Cce. characterized by e 'pre Ion of \', eak C and no 0 antigen 
( ingleton. S . K  .. et a1 . ( 2000) . 
The frequency of RhO-negati \ e  ph not) pe varie V\ ide l )  in  di fferent part of the 
\\ orld .  Our lud) ho\\ed that a l l  of the RhD negative donors have the Cce Ice 
phenot) pe . The RhCce po i t i \  e phenot) pes accounted for 1 . 2°'0. and Rhce posit ive 
accounted for 8 ,4  ° 0 of in  tudied RhD-negat ive subjects. Sa ed on PCR 
genotyping al l of the 0 negat ive ca e in  our tudy showed deletion of intron 4 :  
ho\\ e\ er. that doesn't mean there are no  other genet ic variat ion, Addi tional ly, our 
sequence resul t  howed ( fi gure 1 8 ) that mo t of the PCR product sequences match 
to the RHCE gene rather than to RHO gene. This genetic analysis \vas confi rmed via 
phenotypic analysi that these samples were RhD negat ive. 
This p i lot tudy confirmed not only that the RhD-negat ive phenotype were 0-
negat ive but al 0 they were RhD negative genotypical l y  where PCR product 
equences shovved that the 0 A samples were D negative with s imi lar i ty to RHCE 
phenotype. However, the results obtained can't be used to determine the type of 
RhD-negat i \  e variants . Molecu lar assays for blood group genes current ly re ly on 
polymerase chain reaction ( PCR)  ampl i fication to generate sufficient material for 
ana lysis .  One of the most common approaches uses o l igonuc leotide primers that are 
sequence spec ific .  with ampl i fication ind icat ing the presence or absence of an al le le .  
Another common method is  PCR restrict ion fragment length polymorphism ( RFLP)  
w i th  primers designed to ampl ify the region contain ing an  al le le single nucleot ide 
polymorphism ( P )  fol lo\ ed by digestion with a restriction enzyme to detect the 
p, The s ize of the products, as determined by electrophoresis, i ndicates the 
presence or absence of the S P .  ( Klein,  H .  G . .  et a l .  (20 1 4d)) 
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! 10 1ecu lar te t ing sha l l  be combined v\:jth erological te t ing to ImprO\ e 
tran fusion aret) and outcome nd the chal leng i to develop automated platfoml 
that ample se\ eral region of the gene for unequivocal i nterpretation. 
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C h a pter 5 :  Co n c l u  1 0 0  
In  a conc lu  ion. thi tud) pro\ ide serologic frequ ncie of BO and Rh 
phenot) p s and most probable genotype in order to en ure safe blood tran fu ion in  
AI In ar a. nd it w i l l  be consider d a a fi r t study in  thi area up to our 
knO\\ l edg , which would b of great \ a lue for the U E special l y  I A i n  area as it 
provides a reference figure about BO and Rh-hr ant igens which would be appl ied 
i n  blo d tran fusion pract ice . 
The studied group con isted of �oo samples selected from both gender ( 440 
male and 60 female ) and from d i fferent age groups. It \vas found that the blood 
group 0 was predominant fol lovved by A, B, AB .  And regarding the Rh phenotype 
it \v as found that there were only 8 Rh-hr most probable genotypes characterized Al  
Ain population \vhich are as  fol 1o\\'s : R l  r ,  R I  R I ,  R I  R2, IT ,  R2 r ,  Ro r ,  R2 R2,  and 
r'r \\ h i l e  the other most Rh probable  genotypes \ h ich are :  Rz R I ,  Rz R2, r'r'. r'r", and 
r"r not found in this studied population. This is variation can be compared to th i rteen 
Rll phenot pic groups of various frequencie which were recorded by Taha, J .Y .  in  
Kalba region, UAE.  
Te ts  to deternl ine an individual 's 0 status would dist inguish tho e RBCs that 
lacks, or have altered 0 epitopes and at risk of immunization to con entional 0 form 
those who carry m utations that reduce e 'pre ion levels of D and are not at risk of 
produc ing ant i -D .  Unfortunately, serologic reagents cannot discriminate between 
the e RBCs.  These l im i tation suggest that molecular te t ing to determine D status 
should be commonplace in  the future. RH molecular test ing is  an important tool that, 
when combined with serologic methods can reso lve d iscrepancies in resul ts, aid the 
management of hemolyt i c  disease of newborns and improve transfusion safet and 
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outcome for pat ient . The appl ication of molecular genot) ping to transfusion 
medic ine has the potent ial to dramatical ly  change blood bank te t ing by enab l ing the 
e lectronic e lection of donor units that have been ant igen-matched for recipients at 
mul t iple bl od group 10 i .  Thi approach hould impro\ e pat ient care and tran fusion 
outcome b) reducing a l lo immunization. The chal l nge l ies in integrat ing uch 
te ting into blood bank em i ronment, tandardizing method , obtaining Food and 
Drug dmini trat ion approval for label ing donor uni ts, and enhanc ing information 
'} tem to incorporate and u e this ne\\ informat ion effectively .  
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